Apostatic selection occurs when predators concentrate disproportionately on the common varieties of a non-mimetic polymorphic prey species. This has been tested in 14 experiments by presenting populations of green and brown lard-and-flour "baits" to inexperienced wild passerine birds in their normal surroundings. In seven experiments a 9 green : 1 brown population was presented for a number of days, followed by a 1 green : 9 brown population for a similar period. In the remaining seven experiments the populations were presented in the reverse order. The birds often had strong " natural" colour preferences (for example, blackbirds and songthrushes preferred browns) which were not caused by the relative conspicuousness of the two colours. The data within most of the experiments were very heterogeneous, but in every experiment there was good evidence that the birds tended to concentrate on the common colour. The consistency of the replicated experiments gives strong reason to believe that apostatic selection is a widespread phenomenon among avian predators, and provides an explanation for many of the non-mimetic colour and pattern polymorphisms found among their prey.
INTRODUCTION
A RECENT paper (Allen, 1974) has described experiments testing the hypothesis of apostatic selection (Clarke, 1962 (Clarke, , 1969 ) that polymorphisms in nonmimetic prey species can be actively maintained by predators hunting by sight. The results confirmed earlier evidence (Allen and Clarke, 1968 ) that wild passerine birds in their normal surroundings can acquire "searching images" (Tinbergen, 1960) for green or brown lard-and-flour "baits ".
Birds which had been given one colour for a week over-predated this colour when offered populations with equal proportions of the two varieties (at a density of 2 baits/rn2). This type of behaviour, because it may confer an advantage on morphs that are effectively rare, could lead to the maintenance of polymorphism.
The design of the " training" experiments ensured that all the birds encountered the commoner morph first. Another, perhaps more realistic, approach to testing apostatic selection is to present dimorphic populations to inexperienced predators. They should, on average, build up searching images for the common colour. In an experiment of this type Allen and Clarke (1968) offered, to untrained birds, populations with one colour nine times as common as the other (at 2 baits/m2). A 9 green: 1 brown (9G: 1B) population was presented for one week, followed by a I green:9 brown (1G:9B) population for another week. The populations were observed continuously and eaten baits were replaced frequently to maintain the 9: 1 ratio. The results suggested that the birds concentrated on the common variety = 2O19, P <O0OOl, using the method of analysis described by Allen and Clarke, 1968) . We pointed out, however, that this result could not be regarded as formally significant, because of considerable heterogeneity in the data. For example, during the first part of the experiment the blackbirds differed markedly in the proportions removed per visit (table 2, Allen and Clarke, 1968) and the proportions taken daily by house sparrows were also significantly variable. In an attempt to overcome the problem caused by such heterogeneity this "9: 1 " type of experiment has been repeated a further 13 times (Allen, 1973) and the results, which are presented here, support the original findings. A preliminary note on the data for blackbirds has already been published (Allen, 1972) .
MATERIALS AND METHODS
The prey, the method of presentation and the recording of data were essentially as described by Allen (1974) .
Species of birds which took appreciable numbers of baits were the blackbird (Turdus merula), songthrush (T. philomelos), house sparrow (Passer domesticus), dunnock or hedge sparrow (Prunella modularis), starling (Sturnus vulgaris), robin (Erithacus rubecula) and blue tit (Parus caeruleus). As in other experiments (e.g. Allen, 1974 ) the blackbird was the most important predator.
(i) Experimental procedures
The experiments were all similar in plan to the preliminary one (Allen and Clarke, 1968) and were organised in six series. Table 1 summarises their design. Apart from experiment 2.1, which was at Reading, England, all the experiments took place at sites in or near Edinburgh, Scotland.
Seven experiments (including the preliminary experiment) started with the presentation of a 9G: lB population followed by the presentation of a 1 G : 9B population (9G: 1 B-*1 G : 9B), while in the remaining seven experiments the populations were presented in the reverse order (1 G: 9B-*9G: 1 B).
Predation was sometimes not continuously observed; in these cases the populations were left unattended for a few hours and were examined on return to determine the numbers taken. Each period of predation, observed or unobserved, constituted a "trial ".
(ii) Analysis
In the present paper a comparison is made between the two values of the cross-product ratio for each experiment. The cross-product ratio is a measure of the overall preference of the birds and is given by: -number of greens offered x number of browns eaten X -number of browns offered x number of greens eaten Predation is random when x is equal to 1, and "green" and "brown" preferences are indicated when x is less than 1 and greater than I respectively. Deviation of x from unity and heterogeneity between the two values of x for each experiment are tested by the method of Woolf (1955) .
RESULTS
Substantial heterogeneity exists within the data (recorded in full by Allen, 1973) for each experiment. For example, many of the experiments confirmed the finding of experiment 1 (Allen and Clarke, 1968 ) that the proportions taken by blackbirds differ from visit to visit when these birds are feeding on 9G: lB populations. In addition, eight experiments revealed statistically significant differences in the proportions taken per trial. These instances were confined to predation by blackbirds and mixed groups of birds feeding on 9G: lB populations (expt. 3.1, X) = 6457, P <000l; expt. 3.2, X4) = 7987, P<0-001; expt.
= 3016, P<002; expt.
3.4, Xs = 625, P<005; expt. 5.1, X) = 2621, P<000l; expt. 53, X) = 1l82, P<005; expt.
= l0045, P<000l; expt. 6.1, X) = 505, P <0.001). The proportions taken daily by house sparrows from 9G: lB populations in experiment 1 were also significantly variable (x) 59l5, P <0.001). There is no doubt that the heterogeneity between visits and between trials was partly the result of the different responses of individual birds (Allen, in preparation) . Tables 2 and 3 summarise the data from the 9G: lB-÷lG:9B and 1 G: 9B-*9G: lB experiments respectively.
Dxscussiorc (i) Colour preferences
Since in two experiments separate data were obtained for each species and since every experiment was in two parts the tables show 42 sets of grand totals. In 35 of them the values of x1 and x2 are greater than 1, meaning that on these occasions the birds took more browns than predicted on the basis of random predation. Most of these deviations from unity are statistically significant, the exceptions being for the starlings and " small birds (dunnocks, house sparrows and robins) in experiments 1 and 4. It is clear that thrushes (i.e. blackbirds and songthrushes) would prefer browns if given an equal choice: x is significantly greater than unity in each of the 28 sets of data where these birds were the sole or principal predators. Fewer data are available for the other species but it seems likely that the "small" birds are more catholic in their choice, for in seven instances they preferred greens and in five they preferred browns.
The overall brown preferences of thrushes, which have also been noted in other experiments (e.g. Allen, 1974) , were apparently unrelated to the relative conspicuousness of the two colours. Disproportionately more browns were taken irrespective of whether the background was grass (when to the human eye browns were slightly more conspicuous), soil (when greens appeared more conspicuous) or snow (when the two colours were equally conspicuous).
It should also be emphasised that the overall colour preferences mask appreciable differences in the responses of individual birds. Data from
x2 values calculated on the assumption that one brown was eaten.
-1 -5 (Allen, in preparation) .
(ii) Apostatic selection
Attention is now focused on whether the preferences alter according to the frequencies of the two colours. A comparison of x1 and x2 in each row of tables 2 and 3 shows that in every case x2 is greater than x1 in table 2 and in every case x1 is greater than x2 in table 3. That is, without exception, x is greater when brown is common, suggesting that the birds had tended to acquire searching images for the common colour. The trend is highly statistically significant (P <0.001) and overcomes the problem of heterogeneity. Treated individually, seven out of 10 results in table 2 and three out of II in table 3 are statistically significant. The experiments embraced a wide variety of conditions. They were carried out at different times of the year, on short grass (lawns), long grass (fields), soil and snow, and different birds (both in species and individuals) were involved at different sites. The data were also considerably heterogeneous. Yet the overall results are remarkably alike and they lend support to the hypothesis of apostatic selection. Most other evidence for apostatic selection comes from experiments of the "training" type (for review see Allen, 1974 ) but Popham's (1941 Popham's ( , 1942 ) studies were of similar design to the ones described here. When re-analysed (Clarke, 1962) Popham's results show that inexperienced fish (Rudd, Scardinius erjophthalmus) selected in a frequency-dependent manner when feeding on polymorphic populations of corixid bugs (Hemiptera). Popham's experiments, however, were simplified by an apparent lack of frequency-independent colour preferences.
Brown and green were chosen originally in my experiments because it was assumed these colours would be equally attractive to birds (Allen, 1973 (Allen, , 1974 . In fact, the overall preferences for brown were so strong in the 9: 1 experiments that it is likely the polymorphism in the "species" could only be maintained if the browns were at a selective advantage in some other, e.g. physiological, respect. Nevertheless, the natural colour preferences are not rigid, for they appear to strengthen or weaken according to the frequencies in the population. Given appropriate training the brown preferences of thrushes can even be replaced by green preferences (Allen, 1974) .
Other factors that might effect the magnitude of the apostatic disproportion are the palatability of the baits, their density, the colour of the background, and the ease of search (e.g. tall vs short grass). In view of the amount of speculative literature on the subject, density is of particular interest and its importance could easily be investigated. Apostatic selection is assumed to be strongest at "intermediate" prey densities because at "low" and "high" densities searching images are probably not used (Clarke, 1960; Tinbergen, 1960; Owen, 1963; Greenwood, 1969; Smith, 1971) . At "very high" densities it is possible that wild passerine birds concentrate on rare baits (Allen, 1972) , but the evidence is controversial (Harvey, Jordan and Allen, 1974; Mr David Horsley, personal communication) .
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